The diurnal variation in peak expiratory flow rate (PEFR) was studied in 26 mixers from eight factories making polyurethane foam, who were exposed to toluene diisocyanate (TDI), and 26 unexposed controls matched for age, race, and smoking. They were all men. The mean diurnal variation in PEFR of the mixers was 6-2%, which was significantly higher than the 4-3% for controls. Six mixers had a diurnal variation of > 15% on at least one day compared with none among the controls. There was, however, no overt case of occupational asthma. All but one of the 24 environmental samples taken exceeded the short term exposure limit of 0-02 ppm for TDI. This accounted for the high prevalence (50%) of irritative symptoms such as cough and eye irritation. Forced expiratory volume in one second (FEV,) and FEV1/forced vital capacity (FVC) (%) was negatively correlated with duration of exposure to TDI. Foam workers may still have high exposure to TDI, high prevalence of irritative symptoms, increased diurnal variation in PEFR and evidence of chronic airway obstruction, particularly in those with > 10 years of exposure.
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Abstract
The diurnal variation in peak expiratory flow rate (PEFR) was studied in 26 mixers from eight factories making polyurethane foam, who were exposed to toluene diisocyanate (TDI), and 26 unexposed controls matched for age, race, and smoking. They were all men. The mean diurnal variation in PEFR of the mixers was 6-2%, which was significantly higher than the 4-3% for controls. Six mixers had a diurnal variation of > 15% on at least one day compared with none among the controls. There was, however, no overt case of occupational asthma. All but one of the 24 environmental samples taken exceeded the short term exposure limit of 0-02 ppm for TDI. This accounted for the high prevalence (50%) of irritative symptoms such as cough and eye irritation. Forced expiratory volume in one second (FEV,) and FEV1/forced vital capacity (FVC) (%) was negatively correlated with duration of exposure to TDI. Foam workers may still have high exposure to TDI, high prevalence of irritative symptoms, increased diurnal variation in PEFR and evidence of chronic airway obstruction, particularly in those with > 10 years of exposure.
A diurnal variation in peak expiratory flow rate (PEFR) has been reported for workers exposed to tobacco dust,' grain dust,2 and polyvinylchloride resin dust.3 Studies ofPEFR have been carried out on patients with suspected occupational asthma from isocyanates.4 As far as we know no reports exist on the diurnal variation in PEFR in workers exposed to isocyanates.
We studied the diurnal variation in PEFR in a group of workers exposed to toluene diisocyanate (TDI) in the polyurethane foam manufacturing industry and in a control group.
Materials and methods
MANUFACTURING PROCESS
The study was conducted in eight factories manufacturing polyurethane foam for use in mattresses, cushions, and packing materials. The foam was formed by mixing polyol with TDI together with a small amount of amine (less than 0-05%), organometal catalyst, and freon. The isomer ratio ofthe TDI was 80% 2,4-TDI: 20% 2,6-TDI in all the factories.
The process was manually operated in six of the factories. The chemicals were manually weighed, mixed, stirred, and poured into a wooden box, where a block of foam was immediately formed. The foam was then moved to a store and the process repeated. A ventilation hood or booth was provided for the foaming process in four of the six factories.
The other two factories produced foam slab by an automated process. The raw materials were pumped from holding tanks, mixed, and discharged into a conveyor moving through a tunnel equipped with exhaust ventilation. A long slab of foam was formed in the tunnel and cut into smaller blocks at the end of the conveyor.
Foaming was carried out for four to six hours every day in the factories with the manual process but only half a day a week in the two automated factories. These two factories had automated the process within the past three years. Before that, the process had also been manual and was carried out daily.
STUDY POPULATION
Only workers directly involved in the foaming or mixing process were selected for the study. They The mixers were divided into those with less than 10 years of exposure and those with 10 or more years of exposure to TDI. Those with 10 or more years were compared with those with less than 10 years of exposure and the control group. As expected, those with 10 or more years of exposure were older (table 5). The prevalence of irritative symptoms (eye irritation and cough) was higher in the group with less than 10 years of exposure but this was not statistically significant. Of the six mixers with diurnal variation in PEFR greater than 15% on any one day, three (42-9%) had 10 years or more of exposure and three (15-8%) had less than 10 years ofexposure. Table 7 summarises the characteristics of these six mixers. Only two of the six had a history of wheeze and evidence of obstruction in the tests of lung function. They were also exposed the longest (21 years). The other four had normal lung function and no history of wheezing.
Discussion
Isocyanates may cause irritation of the mucous membrane as well as sensitisation of the airways. 8 The high prevalence of symptoms such as cough and eye irritation among the mixers was not surprising, considering that the STEL of0-02 ppm for TDI was exceeded in almost all cases. The STEL was promulgated primarily to prevent irritation in unsensitised workers.9 It has been reported that the miniimum concentration of TDI for irritation was 0-05 to 0-1 ppm and that all subjects were irritated at 0 5 ppm.'0
We found only one case of clinically overt wheezing in a mixer; he had been exposed to TDI for 21 years. His highest diurnal variation in PEFR was 25-9%. although he had no history of asthma, he was not sure whether his wheeze was related to his work. Serial PEFRs at work and away from it were Lee, Phoon FEV, ( The absence of overt cases of occupational asthma in this group of mixers exposed to high concentrations of TDI was not unexpected. In a cross sectional study we are likely to be looking at a survivor population. Nevertheless, it is interesting that the mixers had a significantly higher diurnal variation in PEFR compared with controls matched for age, smoking, and race. The mean diurnal variation in PEFR of 6-2% was comparable with the 6-5% obtained for mixers in the PVC compounding industry. ' The method ofobtaining the diurnal variation in PEFR was similar in both studies. Records of PEFR are useful in the diagnosis of occupational asthma in persons exposed to isocyanates.4 The higher diurnal variation in PEFR among the mixers may be interpreted as some degree of bronchial hyperreactivity induced by exposure to TDI. Non-specific bronchial hyperreactivity is often found in patients with asthma due to exposure to isocyanates." " Subjects occupationally exposed to isocyanates but with no subjective symptoms or spirometric abnormalities had increased reactivity of small airways.'4 Of the six mixers who had a diurnal variation in PEFR greater than 15% on any one day, four had no history of wheezing or abnormalities of lung function. We do not know whether they would develop asthma subsequently. This mechanism of TDI induced asthma is still unclear. It is interesting that the diurnal variation in PEFR was higher among those with 10 or more years of exposure. This relative bronchial hyperreactivity could be the direct result of longer exposure to TDI, or associated with the chronic airways obstruction seen in this group.
Longitudinal studies of workers exposed to TDI have shown progressive loss of FEVI.'516 This is reflected in the negative correlation of FEV, and FEVI/FVC (%) with duration of exposure to TDI in this cross sectional study. The lower cigarette-years among those with 10 years or more of exposure was unexpected. All four workers from one factory owned by a paternalistic employer had worked for him for more than 16 years. He had insisted that his workers did not smoke from the time they joined the factory for reasons of health and safety (fire hazard). This may exlain the lower cigarette-years in this category. 
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